INTRODUCTION
============

Ischemic colitis emanates from insufficient blood supply to the colon, and it causes subsequent inflammation and damage, which progressively may result in colonic necrosis. It is the most common type of bowel ischemia, approaching an approximately 50% prevalence in the gastrointestinal tract. It frequently occurs in elderly women, mostly ages over 60, although it can occasionally be found in young or middle-aged groups. The underlying causes of ischemic colitis include thrombosis or embolism in the mesenteric artery, vessel occlusion due to mechanical causes such as bowel obstruction, transient hypotension during or after surgery, hypoperfusion due to congestive heart failure, septic shock etc. Hypertension, diabetes mellitus, ischemic heart disease, congestive heart disease, and hyperlipidemia are known to be risk and contributing factors.

The incidence of ischemic colitis may be underestimated due to the broad spectrum of diverse clinical courses. Mild clinical presentation may lead to misdiagnosis as inflammatory bowel disease or infectious colitis \[[@B1]\]. In mild clinical presentation, only the mucosal or the submucosal layer is affected, causing mild abdominal pain or diarrhea. Such symptoms are relieved before arrival at a medical facility, and conservative care can improve the condition. However, severe clinical presentation exhibits transmural involvement of the colon, causing fulminant necrotizing colitis. Such cases mostly require emergent surgical correction. Delayed surgical treatment or inadequate intervention can evoke sepsis and septic shock, life-threatening situations \[[@B2]\].

Ischemic colitis may occur in any part of the the colon. It has been reported that the involved site of colon might determine the disease\'s severity, symptomatic differences, and prognosis. According to Sotiriadis et al. \[[@B2]\], despite being only 10% of all ischemic colitis cases, patients with ischemic colitis confined to the right colon mainly showed severe clinical presentation, and more than 50% of them needed surgery. In general, hematochezia has been considered to be the most common complaint in ischemic colitis. However, patients with ischemic colitis localized on the right side of colon present with abdominal pain as their chief complaint. Furthermore, those patients showed more severe clinical manifestation, and more than 50% of the total number of patients required emergent surgical correction. Among those who received surgical treatment, more than 20% expired. In this study, we investigated the clinical characteristics of ischemic colitis diagnosed at Bundang CHA hospital. We also looked into how the known risk factors, such as diabetes, cardiovascular diseases, or chronic renal failure, were related to the occurrence of either right-sided or left-sided ischemic colitis.

METHODS
=======

Retrospectively, we reviewed the cases of 92 patients diagnosed as having ischemic colitis from 1995 to 2008. Diagnoses were made by means of colonoscopy, biopsy, and pathologic examination of specimens obtained intraoperatively. The 92 patients included 10 that were diagnosed using pathologically confirmed tissue samples obtained during surgery and 82 that were suspected of having ischemic colitis based on X-ray or abdominal computed tomography (CT) scan or angiography and finally diagnosed by using colonoscopic appearance and biopsy result. Endoscopic findings were petechiae, mucosal exudates, hemorrhage, or ulceration, which were confirmed by board-certified gastroenterologists. The analyses were made based on the comments and opinions written by the gastroenterologists. Also, pathologic findings were analyzed based on diagnoses and comments by board-certified pathologists. For some cases, two or more diagnostic procedures were conducted.

In this study, only ischemic colitis caused by hypoperfusion or thromboembolism was considered. Ischemic colitis caused by intestinal obstruction, such as volvulus or colon cancer, was excluded. The sample patients were divided into two groups, right and left, according to the main involvement area of the ischemic colitis at the embryologic boundary line of the distal transverse colon. The two groups were compared and analyzed by age, sex, and co-morbid diseases. Looking into cardiovascular diseases, of the groups were compared to find correlations with accompanying hypertension, atrial fibrillation, heart failure, or ischemic heart diseases. Furthermore, accompanying diabetes mellitus, cardiovascular diseases, and renal failure were analyzed to determine whether each disease was related to ischemic colitis. Severe ischemic colitis was defined as cases requiring surgical treatment or expired cases, and those were analyzed separately. Surgical indications were peritoneal irritation signs such as rigidity and tenderness with systemic inflammatory response syndrome with more than 2 items among systemic blood pressure \< 90 mmHg, pulse rate \> 90/minute, respiratory rate \> 20/minute, and white blood cell count \> 12,000/ mm^3^ or \< 4,000/mm^3^. Most mild cases were treated with conservative manage.

The statistical analysis applied Window SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA). In order to analyze the differences and similarities in right-sided and left-sided ischemic colitis, the chi-square test and Fisher\'s test were used. Statistical significance was only considered when the P-value was less than 0.05.

RESULT
======

Characteristics of sample patients
----------------------------------

This study was comprised of 29 males and 64 females, a total of 92 patients. The mean age was 64.2 for males and 68.1 for females, 66.9 overall. The number of cases presenting only left-sided ischemic colitis was 59 (64.1%) whereas the number for right-sided ischemic colitis was 33 (35.9%). Seven cases in which the entire colon was affected by ischemia were excluded in the analysis because of their being inconsistent with the purpose of this article. The overall clinical characteristics are shown in the [Table 1](#T1){ref-type="table"}.

Analyzing the sample patients according to the involved segment in the colon, the mean age of the patients with left-sided colitis was 66.3 whereas the mean age of the patients with right-sided colitis was 68.4. Dividing into two groups by age - over 65 and under 65, we didn\'t find any statistically significant correlation between age and the affected region. Also, an analysis on the correlation between sex and the affected segment provided no statistically significant result ([Table 2](#T2){ref-type="table"}).

Correlation with cardiovascular disease
---------------------------------------

Considering cardiovascular diseases, well-known risk factors of ischemic colitis, we investigated its correlation with the affected segment in the colon. Cardiovascular diseases were divided into hypertensive disease, atrial fibrillation, arrhythmia, heart failure, and ischemic heart disease. A total of 56 patients were diagnosed with cardiovascular diseases: 48 with hypertension, 7 with ischemic heart disease (5 with angina and 2 with an acute myocardial infarction), 7 with atrial fibrillation, and 5 with congestive heart failure. Some patients had two or more such diseases. Evaluating correlations between the affected area of the colon in ischemic colitis and the cardiovascular diseases listed above, we observed 22 cases of right-sided ischemic colitis (66.7%) and 34 cases of left-sided ischemic colitis (57.6%), but this result demonstrated no statistical significance. Furthermore, comparing patients with hypertension or without hypertension, the number of patients with right-sided colitis was 20 (60.6%) whereas the number with left-sided colitis was 28 (47.5%), and this result had no statistical significance as well. Analyzing the correlation with atrial fibrillation, 5 out of the total 33 right-sided ischemic colitis (15.2%) and 2 out of the total 59 left-sided ischemic colitis had atrial fibrillation. The P-value was 0.054, which might be considered as borderline statistically significant. The analysis on the correlation with ischemic colitis demonstrated 1 case of right-sided ischemic colitis (3.0%) and 6 of left-sided colitis (10.2%), but no statistical significance was observed. Reviewing the correlation with the heart failure, the data indicated 3 patients (9.1%) had right-sided ischemic colitis, and 2 patients (3.4%) had left-sided ischemic colitis ([Table 3](#T3){ref-type="table"}).

Correlation with diabetes mellitus
----------------------------------

We evaluated the correlation between the affected area in the colon and diabetes mellitus. Among the total of 92 sample patients, 20 patients (21.7%) were diagnosed as having type I or II diabetes. Among those patients with diabetes, 7 patients showed right-sided ischemic colitis (21.2%) while 13 patients exhibited left-sided colitis (22.0%), but no statistical significance was noted ([Table 4](#T4){ref-type="table"}).

Correlation with renal failure
------------------------------

Out of the total 92 patients with ischemic colitis, 6 patients were diagnosed as having end-stage renal disease (ESRD), and 7 patients as having chronic renal failure (CRF). Sixteen patients (17.4%) had been previously diagnosed as having acute renal failure (ARF), including 3 cases of acute renal failure preceding ischemic colitis. The fundamental diseases of ESRD and CRF were mostly diabetes mellitus, glomerulonephropathy and cardiovascular diseases, such as hypertension etc. However, two patients who developed acute renal failure subsequent to ischemic colitis were excluded from this study. Among the patients suffering from ischemic colitis along with preceding renal failure, 10 patients (30.3%) showed right-sided ischemic colitis, and 6 patients (10.2%) demonstrated left-sided ischemic colitis. This result was statistically significant, P = 0.014 ([Table 5](#T5){ref-type="table"}). Only considering ESRD and CRF patients, excluding the three ARF patients, we observed a statistically significant result for a greater incidence of right sided ischemic colitis (8 right-sided, 24.2% and 5 left-sided ischemic colitis, 8.5%, P = 0.04). The 11 patients requiring hemodialysis, from among the 16 patients, even showed an ischemic condition of the colon (8 right-sided ischemic colitis, 24.2% and 3 left-sided ischemic colitis, 5.1%) with greater statistical significance (P = 0.009, [Table 6](#T6){ref-type="table"}).

Correlation with severity of the disease
----------------------------------------

As mentioned earlier, severe ischemic colitis was defined as that requiring surgical treatment or resulting in death regardless modality of treatment. A total of 19 cases were recorded based on that definition. Among them, 10 patients received surgical treatment (1 segmental resection of the colon, 2 ileocecectomies, 4 right hemicolectomies, 1 anterior resection and 2 Hartmann\'s procedures), of which 3 patients died postoperatively. Nine patients expired without any surgical treatment.

The causes of death were mostly septic shock, multi-organ failure, acute respiratory distress syndrome and massive bleeding with hypovolemic shock. When the patients were divided into two groups, one group demonstrating ischemic colitis confined to the right and the other to the left side, 11 patients (33.3%) showed right-sided colitis, and 8 patients (13.6%) exhibited left-sided colitis. This was a statistically significant difference (P = 0.024) ([Table 7](#T7){ref-type="table"}).

DISCUSSION
==========

Various underlying conditions are known to be risk factors for ischemic colitis, for example, hypertension, congestive heart failure, smoking, hypercholesterolemia, hyperlipidemia, past history of abdominal surgery, hypotension, shock, diabetes, and past history of cerebrovascular or cardiovascular accident. However, major vascular occlusion has not been observed in most cases, and often the exact cause has not been identified \[[@B3], [@B4]\]. Ischemic colitis is frequently observed in the elderly. If it occurs at a younger age, coagulopathy, vasculitis, or use of oral contraceptive should be considered \[[@B5]\]. It demonstrates diverse clinical manifestations from spontaneous recovery or rapid clinical improvements to critical condition requiring emergent surgical treatment and even causing death. Therefore, determining poor prognostic factors may bolster the decision on treatment options \[[@B6]\].

Renal failure is well known to be an important risk factor, and it is also reported to be a risk factor for severe disease. Recently, its correlation with right-sided ischemic colitis has been emphasized \[[@B1], [@B2], [@B7]\]. Along with other previous studies, our study, with statistical significance, indicates a higher prevalence of right-sided ischemic colitis in patients with renal failure, especially those on hemodialysis. Ischemic colitis confined to the right colon should be related to renal failure in the aspect of blood flow because a hypovolemic condition might cause a prompt ischemic condition in the colon. Especially, long and straight blood vessels profoundly influence the blood supply. Thus, the right side of the colon seems to be affected more easily \[[@B8]\]. Hemodialysis may predispose a patient to ischemia due to a greater perturbation in the blood flow \[[@B2]\]. This hypothesis supports the underlying diseases, such as hypertension or diabetes mellitus, which influence the blood perfusion pressure, having an effect on the ischemic region in the colon. Thus, supported by several reports, diseases affecting blood perfusion pressure, such as coronary disease, hypotension, or hypovolemia, possibly increase the prevalence of ischemic colitis confined to the right side \[[@B7], [@B9], [@B10]\]. Evidenced by statistical significance, our study indicates a higher mortality rate in patients who suffer from ischemic colitis with renal failure.

Patients with hypertension and diabetes demonstrated no differencse in the ischemic segment of the colon. Patients with atrial fibrillation, who may easily develop a thromboembolism, did not exhibit a higher incidence of ischemic colitis confined to the right side. Patients with myocardial ischemia showed statistically significant difference in the occurrence of right-sided ischemic colitis. Particularly, patients simultaneously suffering from angina pectoris or acute myocardial ischemia and ischemic colitis demonstrated a rather higher incidence rate of ischemic colitis confined to the left colon.

Whether the segment of the colon invaded by ischemic colitis is related to the prognosis or not has been a subject of controversy. Flobert et al. \[[@B7]\] reported that the involvement of the right colon in ischemic colitis might be related to the severity of the disease. Also, Sotiriadis et al. \[[@B2]\] reported that ischemic colitis invading the right colon had a five times greater rate of requiring surgical treatment and a twice higher mortality rate compared to colonic involvement in other regions. Ahn et al. \[[@B1]\] also reported that, among 18 patients suffering from ischemic colitis confined to the right side, 9 patients required surgical treatment, supporting the finding of a higher rate of surgical treatment than for ischemic colitis involving other segments of the colon. Similar to previous studies, our study demonstrated that ischemic colitis confined to the right colon required surgery and exhibited a higher mortality rate than ischemic colitis confined to the left side, and this difference was statistically significant ([Table 3](#T3){ref-type="table"}). The higher severity of right-sided ischemic colitis might also be related to vascular structure with long-segment, straight vessels which may be more vulnerable to ischemia, making ischemic colitis rapidly progressive.

In cases of renal failure, dialysis, which can cause hemodynamic change, may have a greater effect more than the renal failure itself. However, a study done by Anon et al. \[[@B11]\] on prognostic factors related to ischemic colitis showed that the segment affected by ischemic colitis did not influence the prognosis. One recent Korean study done by Ahn et al. \[[@B1]\] reported that the severity of ischemic colitis was not affected by the involved segment in the colon. Such reports contradict previous study results. Such opposing results might have arisen from differences in the patient populations between the studies. The study done Anon et al. \[[@B11]\] included only 4 patients and the study done by Ahn et al. \[[@B1]\] included 9 patients with ischemic colitis confined to the right side. On the other hand, the study by Sotiriadis et al. \[[@B2]\], which concluded that invasion of the right colon was a poor prognostic factor, included 71 patients; 18 patients were included in the study by Lim et al. \[[@B12]\], and 33 patients were included in this study. Thus, the sample size might have caused the differences in the study results because relatively large sample sizes would have affected the statistical analyses.

A statistical analysis comparing ischemic colitis confined to the right colon to left-sided ischemic colitis showed that right-sided ischemic colitis required more surgical treatment and showed a higher mortality rate than left-sided ischemic colitis. Thus, patients with right-sided colitis, which might be more severe than left-sided colitis, should be more carefully observed and managed.
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a, acute renal failure; b, chronic renal failure (CRF); c, end-stage renal disease (ESRD).
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The relationship of renal failure according to the location of ischemic colitis
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Values are presented as number (%).

ARF, acute renal failure; CRF, chronic renal failure; ESRD, end stage renal disease.
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The relationship of the disease severity according to the location of ischemic colitis
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